SUMMARY We studied the rates at which solid and liquid leave the stomach after meals of wholemeal and white bread by using a double isotope technique. There was no difference in the rates at which the solid phases of the gastric contents left the stomach but liquid left the stomach significantly more rapidly with white bread than with wholemeal bread. Furthermore, the amount of liquid leaving the stomach unaccompanied and therefore unbuffered by solid was significantly greater after white bread than wholemeal bread. These findings may be of significance in the pathogenesis of duodenal ulcer and they provide a rational basis for a possible form of dietary treatment.
Carbohydrate refinement has been proposed to be of importance in the aetiology of duodenal ulcer (Cleave, 1962 (Cleave, , 1974 , but the suggestion that this might be due to loss of food buffer in the refining process has not been supported by experimental work (Tovey, 1974) .
It has been suggested (George, 1968; Griffith et al., 1968 )-although disputed (Cobb et al., 1971; Heading et al., 1976 )-that patients with duodenal ulcer tend to have a more rapid rate of gastric emptying than normal but even if this phenomenon is real it is not known whether it is a cause or effect of the disease. We thought that the effect of carbohydrate refinement on gastric emptying in the normal subject should be investigated, as we thought it conceivable that herein might lie a possible link between carbohydrate refinement and duodenal ulcer. We expected that if this were so then gastric emptying would be more rapid after refined carbohydrate than after its unrefined counterpart.
Previous studies of the rates at which refined and unrefined carbohydrate leave the stomachs of normal subjects have produced conflicting results (McCance et al., 1953; Wilson et al., 1929) and, furthermore, they involved the measurement of the rate at which barium sulphate given with food left the stomach. By using radioactive tracer techniques which have recently become available (Griffith et al., 1966; Harvey et al., 1970) Received for publication 16 February 1977 measure simultaneously the rates at which both the solid and the liquid components of a meal are emptied from the stomach.
Method
We studied II normal subjects, nine male and two female, aged between 20 and 30 years. All gave consent having been informed in detail of the nature of the investigation. The two females had been sterilised. Each ate meals of wholemeal and white bread in randomised sequence at intervals of one week. The meals were taken after an overnight fast.
The bread was prepared in the laboratory using a standard recipe of 120 g flour, 2 g sugar, 1 g salt, 1 g dried yeast, 1-5 ml corn oil, 25 ml milk, and 50 ml water. Barbados sugar was used with wholemeal flour and white sugar with white flour. Approximately 0-1 mCi of 99mTc-labelled sulphur-colloid was kneaded into each bread sample which was allowed to rise for one hour and then baked at 450°C for 30 minutes. The bread was allowed to cool and was then eaten lightly buttered and followed by a drink of 200 ml water to which had been added approximately 0f1 mCi of ll3mIn-labelled DTPA (diethylene triamine penta-acetic acid).
For one hour after each meal the upper abdomen of the subject, in the recumbent position, was viewed by a gamma-camera linked to an on-line computer (MED II, Nuclear Data Inc.). Successive fiveminute images were accumulated for the peak energies of the gamma emission of both 113mln and 99mTc and saved on a magnetic disc. At the end of each study the gastric image was delineated on a 725 screen with a light-pen and the total counts within this area on each of the 12 images were calculated by the computer. Empyting curves for both technetium and indium were produced by adjusting the initial counts for radioactive decay and the technetium curve was further corrected for indium crosstalk (that is the proportion of indium counts which are detected in the technetium channel). The emptying curves were subsequently normalised-that is, all points on a curve were expressed as a fraction of the maximum.
Eight rats were starved for 48 hours, fed bread labelled with 99mTc-sulphur-colloid, and killed one hour later. The stomachs were removed, opened and washed and the contents were centrifuged to separate solid and liquid. The relative counts of solid and liquid, the stomach itself, and the carcass minus the intestine were measured. In this way the efficacy of the technetium label was determined.
In vitro studies were performed to investigate the value of ll3mIn-DTPA as a marker of the liquid phase. Samples of 6 g wholemeal and white bread were incubated at 37°C with 20 ml 005N HCL and 0-02 mCi ll3mIn-DTPA for between five and 60 minutes. The mixture was then centrifuged at 6500 rpm for five minutes and the counts of the supernatant and the precipitate were measured. The weight of the initial solid was subtracted from the weight of the precipitate so as to determine the weight of the trapped or absorbed liquid. The counts of this liquid were estimated from the counts per gram of supernatant and subtracted from the counts of the precipitate so as to give the counts of the true solid. The uptake of 1l3mIn by wholemeal and white bread was determined from the counts of the true solid expressed as a proportion of the total counts. This was called the fractional adsorption, a.
Seven subjects were studied to investigate the rate at which 200 ml water labelled with ll3mln-DTPA left the stomach when taken alone without bread.
Results
As can be seen in Table 1 , rat experiments demonstrated only a small loss of 99mTc from bread and the differences between the losses from wholemeal and white bread are not statistically significant.
In vitro studies showed that the fraction of il3mIn adsorbed by wholemeal bread was 0-39 ± SD 0-22 (n = 80) and by white bread was 0-51 ± SD 0-17 (n = 64). These values are significantly different at the P < 0-005 level. They indicate that 113mln-DTPA is an imperfect marker of the liquid phase and to obtain a true liquid emptying curve we had to subtract from each point on the normalised indium curve the proportion of the solid phase which We have introduced the 'emptying index' to describe each curve. This is calculated from the formula (1-f(T))/A where f(T) is the fraction of the initial volume remaining in the stomach at the end of the study at time T and A is the area under the emptying curve (an explanation is given below). The However, all points were significantly different from corresponding points on the curve displaying the emptying of the liquid phase of the white bread test meal (p < 0-02, ni = 6, n2 = 11) and the emptying indices were also significantly different (p < 002, ni = 6, n2 = ll).
Discussion
Whereas the results of McCance and colleagues (McCance et al., 1953) indicated that wholemeal bread left the stomach more rapidly than white bread our results show no difference. However, McCance took as his end point the time of complete emptying of the stomach whereas we studied the pattern of emptying during the first hour. McCance and colleagues observed that the barium image of the stomach after white bread was smaller and more concentrated than after wholemeal bread and this suggests a more rapid emptying of liquid after white bread, thus agreeing with the results of the present study.
The studies of Wilson and colleagues (Wilson et al., 1929) suggested that the more refined the food, the more rapidly it left the stomach but they did not use wholemeal bread as a test meal and it is perhaps unwise to extrapolate from one carbohydrate food to another. However, the problem arises as to what the barium was labelling. If it labelled the liquid phase to a significant degree then the results tend to conform with those of the present study.
It has previously been demonstrated that the greater the energy density of a meal the more rapid is the rate of gastric emptying (Hunt and Stubbs, 1975 ). The energy content of white bread is greater than that of wholemeal bread (3 49 and 3 33 Cals/g respectively, McCance and Widdowson, 1960) and therefore our results conform with this observation.
It is clear that in analysing the results of gastric emptying studies it is essential to know precisely what the labels are labelling. hI vitro studies of label behaviour must be performed so that the results of the emptying studies have a meaning (Sheiner, 1975) . The behaviour of the barium sulphate labels in the studies referred to above were not reported.
A further problem has been the expression of results (Sheiner, 1975) . A single value expressing the rate of gastric emptying would be ideal. The halfemptying time is unsatisfactory, as it may necessitate the approximation of points to a curve and the extrapolation of that curve beyond the period of study. The expression of remaining volume at a given time loses much of the available data. The method of principal component analysis (Barber et al., 1975) may necessitate the approximation of points; it requires a computer for its calculation and it is not easily conceived by the non-mathematical mind.
It is clear that the more rapidly the stomach empties the smaller is the remaining volume and quantity of label at successive intervals, and consequently the smaller will be the area under the curve representing that emptying (see Figure) . There is thus an inverse relationship between the amount of emptying per unit time and the area under the curve. This can be demonstrated mathematically as follows:
Consider the stomach to contain a volume V and a quantity of label q, both leaving the stomach at rate F which varies with time t. The emptying index is thus a single value between 0 and 1 which is a measure of the motility of the stomach. It uses all the data available from the study and, unlike the rate of emptying, it is likely to be constant throughout the study. It does not involve extrapolation and it is independent of both the pattern of emptying and the distribution of points around the 'curve'. Moreover it is simple to calculate and easily understood.
*dq F(t)
A recent study of gastric emptying using two isotopes (Heading et al., 1976) indicated that during the period of the study the solid phase of the gastric contents left the stomach in a linear pattern, whereas the liquid phase left exponentially and more rapidly than the solid. This agrees with the results of the present study.
Our results demonstrate that liquid leaves the stomach more rapidly with white bread than with wholemeal bread. This suggests that a greater load of acid may enter the duodenum within the first 30 minutes of a meal of white bread and that the liquid leaving the stomach after this will have a higher hydrogen ion concentration. (Unfortunately it was not possible to monitor the intraduodenal pH and hydrogen ion content in this study.) These factors may be of importance in thepathogenesisofduodenal ulceration (George, 1968) supporting the concept that carbohydrate refinement might be a major cause of this condition (Cleave, 1962 (Cleave, , 1974 and suggesting that the substitution of wholemeal bread for white bread might be of benefit to patients with duodenal ulcer and non-ulcer dyspepsia.
The question most obviously arising from our results is what is the mechanism of the difference in liquid phase emptying? Our observation that water taken with wholemeal bread leaves the stomach at a similar rate to water taken alone, whereas water taken with white bread leaves more rapidly, suggests that white bread actively accelerates liquid emptying, presumably by stimulating gastric motility to a degree which allows a more rapid passage of liquid across the pylorus but not solid. It might be expected that the fibre component of wholemeal bread would exert a drag effect on liquid emptying but our results do not support this. Moreover, we found that wholemeal bread did not absorb more water than white bread but we recognise the difficulties of measuring true water absorption and that test-tube phenomena may not be completely relevant to what happens within the stomach. 
